The detrimental effects of fungicides on non-target beneficial microorganisms such as arbuscular mycorrhizal (AM) fungi are of interest to agriculture. Rhizophagus fasciculatus was found to be predominant (21%) AM fungus in studied soil compared to other species (2-9%). Hence, we have conducted a study to evaluate the potential effects of fungicides Benomyl (Methyl [1-[(butylamino) carbonyl]-1H-benzimidazol-2-yl] carbamate), Bavistin (methyl benzimidazol-2-ylcarbamate), Captan ((3aR,7aS)-2-[(trichloromethyl) sulfanyl]-3a,4,7,7a-tetra hydro-1H-isoindole-1,3(2H)-dione and Mancozeb (manganese ethylene-bis(dithiocarbamate) (polymeric) complex with zinc salt) on association of R. fasciculatus with Proso millet (Panicum miliaceum L.), an emerging drought-resistant crop that represent a cheap source of nutrients for human in developing country. The results of this study showed significant (P≤0.05) higher AM colonization (69.7%), spore density (193 spores), plant growth (both lengths and weights of shoots and roots) and grain yield (154 grains per panicle) in mycorrhizal Proso millet plants treated with Captan compared to other fungicides and untreated controls. In contrast, Benomyl had adverse effect in all parameters measured (45.3% AM colonization, 123 spores, 105 grains per panicle, etc.). Our results also showed that AM colonization significantly improve growth and grain yield of Proso millet plants compared with non-mycorrhizal plants. Therefore, the present study demonstrated that Proso millet crops could be improved with native AM fungal inoculation, however, the type of fungicide applied in soil and its effect on plant performance must be seriously considered.
Introduction
In modern crop systems, fungicides are extensively used in order to control or to eliminate fungal phytopathogens. However, fungicides applied on soils not only affect the targeted phytopathogens but also can affect autochthonous soil microorganisms including those that are beneficial to plant growth, such as arbuscular mycorrhizal (AM) fungi, which are actively involved in plant nutrient acquisition, plant protection against soil-borne pathogens and improvement of soil structure (Barea et al., 2002; Jeffries et al., 2003; Arriagada et al., 2012; Tanwar et al., 2013) [1, 2, 3, 4] . The beneficial effects of AM fungi on host plant growth and development can be hampered by the wide spread use of fungicides in agricultural systems (Trappe et al., 1984) [5] .
Studies have showed that the length of external hyphal decreased followed of fungicide treatments with the concomitant reduction of phosphorus (P) content in plants ( Kurle and Pfleger, 1994; Kling and Jakobsen, 1997 ) [6, 7] . Similarly, the long-term fungicide benomyl applications affected mycorrhizal root colonization in tallgrass prairie, and indirectly influencing soil biota and nutrient availability in soils (Smith et al., 2000) . In contrast, significant impacts of the fungicides azoxystrobin, tebuconazole and chlorothalonil on soil microbial populations was not observed by Bending et al., (2007) reporting just a minor effect on fungal communities revealed by PCR-DGGE techniques based on 18S rRNA genes. Pasaribu et al., (2013) recently reported that growth and P content in peanut plants was improved by
Glomus mosseae inoculation, but the application of alachlor fungicide significantly reduced the plant growth, in contrast, the plant growth was unaffected by glyphosate application. However, information on (Shahidi and Chandrasekar, 2013) . On the other hands, Proso millet also exhibits desirable characteristics as an alternative crop to fuel production because is a quick growing short duration cereal with low irrigation requirements, resistant to pests and diseases and it can be cultivated throughout the year (Rose and Santra, 2013) . However, the utilization of Proso millet grains as food source and fuel production is still limited due to lack of our knowledge for ecology, cultivation and processing technologies at a commercial scale. Based on the extensive use of fungicide in crops, the importance of AM fungi in the uptake and transference of nutrients in plants as well as the potential of Proso millet as source of food and phenolic compounds for human, the main goal of the present study was to assess the effect of fungicides on the association of AM fungi and growth of Proso millet. Effect of fungicides on association of arbuscular mycorrhiza fungus ...
Materials and Methods

Soil and fungal spore collection
Red sandy loam soil (0-20 cm) for the potting experiments was collected from agricultural lands of Manasur in Dharwad district (15.5ºN 75.0ºE; India). The soil was air-dried, sieved (2 mm) then stored in gunny bags until used. Soil texture, organic carbon (C) and available P of soil were determined according to methods described by Bouyoucos (1962), Walkley and Black (1934) and Olsen et al., (1954) , respectively. The number of AM fungal spores in soil was determined according to described
by Gerdemann and Nicolson (1963) and identified following the current taxonomic criteria (Schenck and Perez, 1990; Schüßler and Walker, 2010; Oehl et al., 2011) 
H 2 MoO 4 , 30g L -1 NaFeEDTA) was given to all the experimental plants.
The proso millet plants (3 plants per treatment)
were harvested at 60 days after sowing (DAS), to determine the effect of fungicides on proso millet growth by measuring the following parameters: plant height, fresh and dry weight of plant biomass (root and shoot), and root length. Before harvest plant height was measured manually using stainless steel ruler with measurement taken from the collar (at soil surface) to the shoot apex. At each harvest fresh weight of shoot and root were measured accordingly.
The roots and shoot sample was oven dried at 72°C
for 48 h and weighed using electrical balance. Before drying, a fraction of weighed roots was collected and AM colonization was determined using the method described by Giovanetti and Mosse (1980) after clearing and staining (Phillips and Hayman, 1973) .
The AM fungal spores in mycorrhizosphere soils were isolated from the substrates by wet sieving and decanting technique and enumerated as per Channabasava and Lakshman (2013) . Root length was measured using a line intersect method (Newman, 1966) . Root length was estimated by the formulae below as described by Tennant (1975) : Root length = N×C. Where, N: The total number of intersections and C: conversion factor (0.7857).
The number grain yield (number of grain per panicle and weight of 100 grains) was determined according to method described by Ross (1971) as follow: seeds were separated from panicle, cleaned manually and weighed on electronic balance.
Statistical analysis
The data were analysed by a one-way analysis of variance (ANOVA), and comparisons were carried out for each pair with Duncan's multiple range test using SPSS statistical software (SPSS Inc., Chicago, IL, USA). All treatments were carried out in triplicate,
and the values are given as means ± standard errors.
Differences were considered to be significant when the P value was less than or equal to 0.05.
Results and Discussion
Soil and fungal spore collection
The soil properties analysis revealed a pH of 6.89, electrical conductivity (Ec) of 0.24, 0.65% of organic 
AM fungal colonization and spore number
The percent of mycorrhizal colonization by R. 
Plant growth and grain yield
In the present experiment, the AM colonization significantly improved the plant growth compared with Channabasava et al.
non-mycorrhizal plants (Table 2) Table 2) . controversial (Smith and Read, 1990; Zangaro and Moreira, 2010) . In this study, we demonstrate that et al., (2012) . This reduction may be attributed to the effect of Benomyl on proteins of cell membrane and cellular respiration of mycorrhizal fungal (Wasif and Laga, 2009) . Benomyl fungicide also inhibits the formation and development of arbuscules and reduces the efficiency of the inoculation of plants (Kjøller and Rosendahl, 2000) . Similarly, Bavistin and Mancozeb had a negative effect on the roots AM colonization and spore number when they were applied. The detrimental effects with other fungicides (i.e.
iprodione, metalaxyl) on mycorrhizal colonization of diverse plants (Citrus sinensis L., Allium porrum L.) have also been reported (Gange et al., 1990; Carrenho et al., 2000) . In contrast, Captan fungicide improved AM fungi colonization of roots and spore number in mycorrhizosphere soil. Burrows and Ahmed (2007) , reported that the vesicle formation of AM fungi in roots was significantly higher when captan and tebuconazole+metalaxyl fungicides were applied in maize seeds. Similarly, metalaxyl fungicide treatments enhanced the AM colonization of maize plants inoculated with AM fungus (Seymour et al., 1994) and can stimulate the development of AM fungal mycelium in pineapple (Guillemin and Gianinazzi , 1992) . In relation to varied effect of fungicides on AM colonization and spore number in rhizosphere soils, the differences could be attributed to sensitivity of R. fasciculatus toward diverse fungicides applied as reported for Glomus species (Kjøller and Rosendahl, 2000) . Inchal (2002) growth, health and productivity (Grover et al., 2011; Berendsen et al., 2012) . Recently, we have reported that the inoculation of AM fungus and the application of mine spoil and fly ash (2%) significantly increased the growth of mycorrhizal Proso millet and Kodo millet plants respectively (Channabasava and Lakshman, 2012; Channabasava et al., 2015) .
Respect to the varied effect of fungicide treatments on plant growth, studies have described that addition of fungicides resulted in substantial changes in plant species composition and growth of plant species in dry grassland (Dostálek et al., 2013) . Previous studies showed that the application of carbendazim fungicide decrease the growth of perennial frobs but increase growth of graminoids (Brachypodium pinnatum, B.
erectus and Carex flacca).
Conclusion
The results show that fungicide treatments affect the root colonization by R. fasciculatus and growth Channabasava et al. 
